The sea ice cover of the Southern Ocean undergoes a rapid decrease from mid-November to mid-January. The atmosphere-to-ocean heat flux is insufficient to account for this melting, even in the presence of the high percentage of open water characteristic of the Southern Ocean sea ice. It is estimated that sea-air heat exchange in the 60 ø to 70øS zone can account for roughly 50% of the required spring heating. The remainder must be supplied by the relatively warm deep water, residing below the Southern Ocean pycnocline. Deep-to-surface water heat flux is accomplished by upwelling of the pycnocline due to the regional Ekman divergence of the surface layer and by cross-pycnocline mixing. It is estimated that the required vertical mixing coefficient for the pycnocline is 1.5 cm2/s. This value is considered as realistic in view of the relatively weak pycnocline which is a consequence of low levels of fresh water input to the surface layer. It is suggested that the magnitude of fresh water input is a major factor in determining the degree of seasonality of Southern Ocean sea ice.
INTRODUCTION
The sea ice surrounding Antarctica undergoes large seasonal changes in areal extent. This is evident from both historical observations and recent satellite sensing [Mackintosh, 1946 [Mackintosh, , 1972 Heap, 1964 The growth and decay of the sea ice cover shown in Figure  1 for both the 15% and 85% concentration curves are not symmetric about the maximum ice cover. The growth rate is less than the decay rate by nearly a factor of two. The major portion of the decay occurs in the period mid-November to midJanuary with a decrease from 17.5 x 106 km 2 to 6.5 x 106 km 2.
Decay of the greater than 85% cover occurs earlier (mid-October to mid-November) and is even more spectacular in areal decrease, retreating from the near annual maximum cover to only 25% of that in the one month period. new ice. In this way new sea ice forms in the interior of the sea ice fields rather than being accreted to the outer edge. While some addition at the edge may be expected, the northward migration of the ice edge may be primarily governed by the Ekman velocity.
As ice is carried northward, the local heat balance would induce melting, and a steady-state ice cover is attained, as may be the case from August to October. During this period ice forming in the south is balanced by melting in the north. Using Ekman drift velocities presented by Taylor et al. [1978] , the sea ice northward transport across 60øS amounts to 9.62 x 10 •3 W poleward heat flux, for each meter thickness of ice.
Ice melting in the spring would also be influenced by Ekman divergence. The atmosphere-to-ocean heat flux would be greatest within the low albedo leads generated by the divergence. The leads act as heat collectors, which accelerate melting of the surrounding pack. Langleben [1972] also stresses the importance of radiational heating within leads in regard to sea ice melting in the Arctic, but points out that radiational heating of the sea ice should not be neglected.
The ability of the sea-air heat flux to account for the spring retreat of the sea ice is now tested. The ice charts of the Navy-NOAA ice center indicate that during the mid-November to mid-January period sea ice virtually disappears over the deep ocean. The additional ice melt from mid-January to mid-Febmary is mainly over the continental margins of Antarctica. The major exception is the 0.8 x 106 km 2 (about one third of which is over the deep ocean) field of perennial sea ice east of the Antarctic Peninsula.
Southern Ocean seasonal sea ice is estimated at 1.0 to 1.5 m [Untersteiner, 1966] 
SEA-AIR HEAT EXCHANGE IN THE BAND 60ø-70øS
Estimates for sea-air heat exchange for the 60ø-70øS latitude band are made using monthly climatic data (Table 1) for ice free (Table 2) , full ice and partial ice cover (Table 3) . Admittedly, the errors associated with these calculations are large, due to inadequate meteorological data set, use of monthly means rather than shorter term means, uncertainty in the exchange coefficients for the non-radiative heat flux terms and from uncertainty in the exact amount of sea ice insulation of the ocean (the R term in Table 3 ) and ratio of ice cover to open ocean (P value in Table 3 ).
The required poleward oceanic heat across 60øS for balance of ocean heat loss between 60ø-70øS (16.8 x 1016 cm 2) is determined for each of the ice concentration situations (Table  4) Table 4 for realistic ice cover, but is close to the full ice cover condi- The one order of magnitude range in heat flux estimates across 60øS indicates some of the difficulties in determining this important number. Before it is possible to identify the primary mechanism responsible for meridional heat flux in the Southern Ocean, it is necessary to establish reliable sea-air heat flux estimates as a function of latitude for the Southern Ocean. In this present study the mode in which the heat flux into the 60ø-70øS zone is accomplished is important only in that it is assumed the annual heat loss of the surface water to the atmosphere is balanced by vertical heat transfer across the pycnocline, rather than lateral poleward heat transfer within the surface layer itself. Since the Ekman drift is directed towards the equator, this assumption is justified.
DISCUSSION
It is unlikely that the atmosphere-to-ocean heat flux given in Tables 2 and 3 high end of the envelope, but in view of the greater shear expected within the shallow Southern Ocean pycnocline relative to the abyssal ocean, the 1.5K• value is not unreasonable, particularly if convective events occur Killworth, 1979] . The above calculations suggest that sea ice melting in the mid-November to mid-January period is facilitated by Ekman layer generation of leads which act as radiative heat collectors and by deep water to surface water heat flux due to Ekman upwelling and cross-pycnocline mixing processes. While it is possible, in view of the uncertainty in the sea-air heat exchange calculations that the lead generation mechanism alone is sufficient to account for the melting, the possibility of a significant role of cross-pycnocline heat flux must be considered particularly since the required K• value is not unreasonable. It is expected that cross-pycnocline processes would be most important at the end of the ice growth period when (1) the cumulative effects of winter sea ice formation induce the yearly maximum in surface water salinity (and density), and (2) the insulating effect of the sea ice may act to trap the deep water heat flux in the surface layer [Welander, 1977] 
